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Abstract 
Aluminum nanoparticles can be used in different applications such as high energetic materials and hydrogen producing. In this 
research aluminum nanoparticles were synthesized using DC arc discharge, and colloidal stability, oxidation and optical 
properties of the particles with and without the presence of surfactant were investigated. The liquids were deionized water 
without any surfactant, and 0.1M, 0.02M and 0.004M solutions of Sodium Dodecyl Sulfate (SDS) in deionized water. Scanning 
electron microscopy (SEM), X-ray diffraction (XRD) and UV-visible spectroscopy, were employed for characterization of 
particles size, shape, crystal structure and optical properties respectively. Solving the surfactant in water, resulted to a notable 
increase in the stability of the particles for 48 hours after synthesis. The particles size were decreased from 37nm, to 35nm, 28nm 
and 24 nm respectively in pure water, 0.1M, 0.02M and 0.004M solutions of SDS in deionized water. Moreover optical 
extinction spectra show, oxidation rate was decreased by increasing the SDS concentration. Adding the surfactant to arc 
discharge media, provides a simple and effective approach to control the size, colloidal stability and oxidation rate of the 
nanoparticles in this fast synthesis method. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Aluminium nanoparticles are of great attraction in the areas of automotive, electronics, aerospace, 
superconductors, Nano-thermites, energy storage and energy applications, Mandilas et al. (2013), Nie et al. (2013), 
Shkolnikov et al. (2011), Yanık et al. (2013). Aluminium nanoparticles have greater energy releasing rate than 
micron sized aluminium particles, Yanık et al. (2013), Kim (2008), Pivkina et al. (2006), Sindhu et al. (2007). 
Catalytic property of these particles for producing hydrogen from water with no need to any modifier or external 
energy is another important issue, Nie et al. (2013), Shkolnikov et al. (2011), Smith (2010). There are various 
techniques capable of producing aluminium nanoparticles such as dynamic gas condensation, cryomelting process, 
electrical discharge, laser ablation and wire explosion process, Shkolnikov et al. (2011), Yanık et al. (2013), Kim 
(2008), Pivkina et al. (2006), Kassaee and Buazar (2009). The degree of agglomeration of these particles depends 
strongly on the synthesis technique, Kassaee and Buazar (2009). Particles agglomeration is one of the important 
limitations to overcome, Puri and Yang (2010). Agglomeration has pernicious effects such as delay in ignition and 
incomplete combustion of the particles as energetic material, Kim (2008). Different techniques including covering 
the surface of the aluminium particles with carbon, aluminium carbide or aluminium oxide are feasible to decrease 
the agglomeration, Kotov et al. (2010), Gromov et al. (2006). Among different techniques, using surfactants to 
control size and agglomeration of the particles is of great interest. Particle size control by adsorption of surfactant on 
particles surface where one end of the surfactant chain is anchored to the particle surface and the other end is free, is 
one important aspect, Mehta et al. (2009). Different parameters effects on particles properties have been investigated 
in electrical discharge method. But to the best of our knowledge, there is no report of investigating the effect of 
surfactant in this method. In this study, the effect of different concentrations of SDS solution in water, on particles 
agglomeration, oxidation and colloidal stability was investigated. 
2. Materials and method 
Aluminium nanoparticles were prepared using a DC electrical discharge between two electrodes. Both electrodes 
were rods with diameters of 5mm and lengths of 40mm made of pure Al (99.5%). The aluminium material was 
product of IrAlCo. The electrodes were located opposite to each other towards a vertical axis. The movable cathode 
was located at top, while the fixed anode at the bottom. Contacting the electrodes at the beginning of the process 
will result in the arc discharge. The discharge device supplied a 90V DC voltage and a 40A current. Each discharge 
lasted for 1-3s emitting a very shiny light. The process were performed in four different media, deionized water 
without any surfactant, and 0.1M, 0.02M and 0.004M solutions of SDS in deionized water. In order to prepare the 
solutions 5.76, 1.15 and 0.23g of SDS were respectively solved into 200cc deionized water. This way the 
concentration of SDS will cut in one fifth for each sample in comparison to the former one. After synthesis in 0.1M 
solution, the liquid showed a colour change to orange. This can be due to either decomposition or burning of the 
surfactant under arc situation. This colour change was negligible in 0.02M solution and was completely disappeared 
by nanoparticles precipitation after 48 hours. 0.004M solution showed no colour change during the process. Optical 
properties, crystal structure and size and morphology of nanostructures were characterized using a Spuv-26 double 
beam UV/Vis spectrometer, a X’Pert Pro MPD X- ray diffractometer with Cu Kα λ=1.54Å radiation and a Hitachi 
S-4160 scanning electron microscope respectively. 
3. Results and discussion 
Figure 1 shows the UV-vis spectra for nanoparticles prepared in all media, measured in different times after 
synthesis up to 48 hours. The increase in transmission is due to the particles precipitation and agglomeration. Also 
an L shape curve represents a semiconducting property which is due to particles change from metallic to oxide form. 
As figure 1-a shows, the metallic particles in water will rapidly oxidize and completely precipitate within 48 hours. 
As figure 1-b shows, there is no notable difference between optical spectra of the particles prepared in 0.004M 
solution of SDS in water and the particles prepared in pure water. So we can conclude that this concentration of 
surfactant makes no promotion in nanoparticles stability. Figure 1-c shows a considerable change in optical 
properties of nanoparticles prepared in 0.02M solution of SDS in water in comparison to those synthesized in pure 
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water. There was a delay in both the particles precipitation and oxidation. Finally figure 1-d shows a more distinct 
difference in particles optical properties by increasing the solution’s concentration to 0.1M. Even after a time 
duration of 48 hours, the particles are still suspended in the liquid and remained in their metallic form. Fig. 2 shows 
the XRD patterns for the particles prepared in 0.02M and 0.004M solutions after several days. The planes (113), 
(004) and (044) of K  alumina can be seen obviously in both patterns, but there is no peak for aluminium in the 
patterns. So a complete transformation to an oxide phase is approved for these concentrations. The results show that 
the oxidation is mostly occurred after the particles synthesis in a time period of several tens of hours, and not in the 
little time of the arc discharge phenomenon. The oxidation can be mostly because of a reaction between Al atoms by 
oxygen molecules solved in water. The scanning electron microscopy images for the samples shown in Fig. 3, 
exhibits spherical shape for the particles with a good approximation and aspect ratio of nanostructures is close to 
unity. Fig. 4 shows the particle size distribution for all samples. Average particle size decreases from 37nm to 35, 28 
and 24nm, respectively by increasing the SDS concentration of the liquid environment to 0.004, 0.02 and 0.1 molar. 
Also Standard deviation for the particles size are respectively 10, 4, 5 and 2nm. The presence of the surfactant can 
result in a decrease in the particles size by two mechanisms. First it can prevent particles grows during the arc 
process by covering the particles surface. Second it will hinder or reduce the particles agglomeration after the 
synthesis while the particles are being maintained in the liquid. The change in the liquid colour, is due to the 
surfactant decomposition as a result of very high temperatures in arc discharge region, specially, between the 
electrodes. The performance quality of the SDS in particles oxidation prevention, can be attributed to the partial 
decomposition of SDS molecules. In fact the surfactant can’t play its capping role properly after decomposition. 
Moreover, even intact SDS may be penetrable to oxygen molecules solved in water. Using a polymeric agent could 
increase the chance of decomposition, because of the large size of these surfactants molecules. Also using an acidic 
surfactant could accelerate the particles oxidation due to high affinity of aluminium nanoparticles to reaction with 
oxygen. Based on these preconceptions, SDS as an anionic surfactant was selected to minimize the problems 
mentioned. But the unavoidable high temperature of the process still has its pernicious effect on the surfactant 
performance. 
 
 
Fig. 1. UV-vis spectra for nanoparticles synthesized in (a) pure water; (b) 0.004molare; (c) 0.02molar; and (d) 0.1 molar SDS solution in water. 
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Fig. 2.  X-ray diffraction pattern for nanoparticles prepared in (a) 0.02molar; and (b) 0.004molar SDS solution in water. 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Scanning electron microscopy images for nanoparticles prepared in in (a) pure water; (b) 0.004molare; (c) 0.02molar; and (d) 0.1 molar 
SDS solution in water. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Size distribution of nanoparticles prepared in (a) pure water; (b) 0.004molare; (c) 0.02molar; and (d) 0.1 molar SDS solution in water. 
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4. conclusion 
The effect of SDS on colloidal stability, oxidation and optical properties of aluminium nanoparticles synthesized 
by DC arc discharge in water, was investigated. Pure water and three different concentrations of SDS solution in 
water, were used as liquid media. The smallest average size of 24nm was attained for nanoparticles prepared in the 
solution with highest concentration of 0.1M, while the greatest of 37nm obtained for nanoparticles were synthesized   
in pure water. In addition to decreasing the particles size, using SDS could make a delay in the particles oxidation, 
consequently making them more stable and precipitate in a longer time period. High temperature of the process has 
a pernicious effect on its performance. The effect may be reduced using a surfactant with smaller molecules.  
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